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Introduction
▼
Living with HIV introduces multiple physical and 
psychological challenges to those with a positive 
serostatus. A few of the burdens people living 
with HIV/AIDS (PLWHA) face after diagnosis 
include the adjustment to daily struggles with 
managing the illness and the instant feeling of 
stigmatization. Additional environmental factors 
could potentially exacerbate stress levels further 
considering the emerging patient demographics. 
For example, studies have shown a positive asso-
ciation among stress and environment that 
incorporated poverty, lower level of education, 
reduced access to health care, and an increased 
likelihood of past or current drug use [20, 31, 39]. 
The majority of new HIV cases reported every 
year over the last decade have been among 
minorities from lower socioeconomic demo-
graphics [4]. With strong findings indicating a 
detrimental effect of chronic stress on health it 
seems warranted that in a population with an 
already lowered immune system, such as HIV 
patients, a safe and effective treatment interven-
tion needs to be implemented to help PLWHA 
self-manage the physical and psychological con-
sequences of chronic stress.
Chronic stress is known to increase the risk of ill-
ness in healthy populations as well as the rate of 
disease progression among clinical populations 
[20, 25, 26, 40, 43]. It was recently shown among 
elderly caregivers that psychological distress 
(perceived stress) is associated with negative 
immune system changes such as a decreased per-
centage of T-helper cells [12, 34]. Other studies 
observing various clinical populations have 
investigated the consequences of psychological 
distress among patients. Reported findings have 
continuously shown perceived stress to have sig-
nificant associations with mood disturbances [44], 
poor treatment adherence [8], and negative health 
outcomes [5]. Similar results are being observed 
among HIV-infected persons [3, 5, 14, 30, 31, 35]. 
Studies have shown that due to chronic stress 
PLWHA often have significantly higher amounts 
of circulating cortisol, which can lead to addi-
tional health consequences [3, 10, 11]. Further-
more, PLWHA will often experience some level of 
distress associated with HIV-related symptoms.
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The purpose of this investigation was to examine 
the effects of combined aerobic and resistance 
exercise training among self-reported mood dis-
turbances, perceived stress, frequency of self-
reported symptoms, and symptom distress in a 
sample of HIV +  adults. For this purpose, 49 par-
ticipants were randomly assigned into an exer-
cise (EX) or control (CON) group. Those in the EX 
group completed 50 min of supervised aerobic 
and resistance training at a moderate intensity 
twice a week for 6 weeks. The CON group 
reported to the university and engaged in seden-
tary activities. Data were collected at baseline 
before randomization and 6 weeks post interven-
tion. Measures included the symptom distress 
scale (SDS), perceived stress scale (PSS), profile of 
mood states (POMS) total score, and the POMS 
sub-scale for depression and fatigue. A 2 way 
ANOVA was used to compare between and within 
group interactions. The EX group showed a sig-
nificant decrease in reported depression scores 
(p = 0.03) and total POMS (p = 0.003). The CON 
group reported no change in POMS or SDS, but 
showed a significant increase in PSS. These find-
ings indicate that combination aerobic and resist-
ance training completed at a moderate intensity 
at least twice a week provides additional psycho-
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Individuals with HIV often experience both disease and treat-
ment-related symptoms, with literature reporting prevalence 
rates of over 50 %. It is often rare that a single symptom is 
reported, as current data suggests that PLWHA experience mul-
tiple symptoms concurrently [16, 23, 36]. Some of the most com-
mon physical symptoms reported include diarrhea, loss of 
appetite, nausea, muscle weakness, peripheral neuropathy, 
fever, dry skin, and persistent cough. In addition a variety of 
common psychological symptoms such as disorientation, trou-
ble concentrating, depression, fatigue and anxiety have also 
been reported. The management of multiple symptoms has 
become a daily task for PLWHA in an effort to maintain an opti-
mal quality of life [35, 36].
A major contributor to physical inactivity, fatigue is one of the 
most common symptoms reported among PLWHA, involving 
both physical and psychological detriments [18, 41]. Conse-
quently it is common for this population to report lower levels of 
physical activity [2], leading to a reduced functional capacity 
and health-related quality of life [15, 33]. Numerous investiga-
tions have shown significant benefits of aerobic exercise in HIV-
infected persons in areas of cardiorespiratory capacity, immune 
status, and metabolic activity, as well as psychological effects 
such as a reduction in symptoms of depression and anxiety 
[15, 24, 42].
Some of the original clinical exercise trials studying HIV popula-
tions compared the effects of aerobic exercise on psychological 
distress components, such as depression and anxiety. 8 weeks of 
moderate-intensity aerobic exercise completed twice a week for 
60 min has shown significant reductions in anxiety and depres-
sion [13]. Similar studies with HIV +  men who exercised for 
45 min a day, 3 days a week showed these men to have reduced 
anxiety and depression upon learning of their seropositive sta-
tus [21, 22]. Limitations to these early investigations are evident 
because they were conducted prior to antiretroviral therapy 
(ART), when symptoms were specific to viral progression and 
not treatment. Furthermore, the majority of were middle class 
gay men. Due to the shift in patient demographics and available 
treatments, those findings lack generalizability for today’s sero-
positive populations.
It is well known that regular exercise improves psychological 
health and can reduce circulating cortisol, a physiological indi-
cator of stress, in the general population. However, the research 
among HIV-infected persons is scarce. With an already lowered 
immune function, the harmful side effects of stress on immu-
nity may leave PLWHA vulnerable to physical/mental illness and 
disease progression. It is unknown whether or not the virus, or 
any antiretroviral, would inhibit specific exercise-induced adap-
tations observed among other clinical and healthy populations. 
The purpose of this investigation was therefore to determine the 
effects of a 6-week moderate intensity exercise intervention on 
self-reported mood-disturbances, frequency of self-reported 





A total of 116 HIV +  males and females were recruited for this 
randomized exercise trial and assessed for eligibility. Recruit-
ment of participants was performed at local AIDS service organ-
izations and health clinics following IRB approval. The inclusion 
criteria were receiving a positive HIV diagnosis, being 18 years of 
age or older, having no known opportunistic infections and 
being physically able to complete the exercise intervention. No 
person was excluded based on gender or ethnicity. This study 
meets the ethical standards of the International Journal of Sports 
Medicine [17].
Individuals were excluded from the study if: (1) their medical 
history revealed current opportunistic infection(s); (2) they 
were currently using hormone therapy or had received it in the 
past; (3) they scored 5 or greater on the Drug Abuse Screening 
Test (DAST) and/or the Michigan Alcohol Screening Test (MAST); 
(4) they reported current involvement in a structured exercise 
program; or (5) any contraindications for testing, as specified by 
the American College of Sports Medicine, were identified.
Of the 116 participants screened, 23 were ineligible, 44 were lost 
to follow-up or withdrew from the study, and 49 completed the 
protocol ( ●▶ Fig. 1). Although 49 subjects successfully completed 
the 6-week intervention, 3 were missing total SDS scores and 2 
had incomplete POMS data. Therefore only 44 were used for data 
analysis.
Procedure
Individuals who successfully met the inclusion/exclusion crite-
ria were contacted for further screening. After providing con-
sent, participants completed a medical history questionnaire 
and were interviewed by a research staff member. All data col-
lection and testing procedures were completed at the Clinical 
Exercise Research Center (CERC) on campus at a university in the 
southeastern United States. Those who consented to participate 
were assigned a personal identification number and agreed 
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lection of demographic information, current medications, fam-
ily health history, daily physical activity, and various 
psychometric instruments. Following the baseline data collec-
tion, participants were randomly assigned to one of 2 groups, 
intervention or control, using a random number table.
Training protocol
Participants who were randomized to the intervention group 
completed 30 min of aerobic exercise treadmill training at an 
intensity range of 50–70 % of their age-predicted maximum 
heart rate (220-age in years) twice weekly for 6 weeks. Heart 
rate was monitored using Polar Heart Rate Monitors. Each tread-
mill session consisted of a 5-min warm-up period, followed by 
30 min of training within the intensity range and then a 3–5-min 
cool-down. Treadmill speed and grade were adjusted during 
each session to keep the subjects within their prescribed inten-
sity range.
Following the aerobic training session, participants completed 
upper and lower-body resistance training lasting approximately 
20 min. Exercises targeting the chest, upper back and triceps 
muscles were performed on plate-loaded Hammer Strength 
machines (Cincinnati, OH), the upper anterior and posterior legs 
on Life Circuit machines (Life Fitness, Irvine, CA) and the biceps 
brachii and deltoids using free weights. Participants were given 
approximately 1 min of recovery time between exercises. Resist-
ance was adjusted so that each participant could complete one 
set of 12 repetitions for each exercise while maintaining proper 
form. As strength increased, resistance was changed to keep the 
subjects at their prescribed training intensity. Sessions were 
separated by at least 48 h of recovery and lasted 1 h in total dura-
tion.
Control group
Control group subjects came to the CERC for the same amount of 
time and weekly frequency as the intervention participants. The 
participants were allowed to read a book, talk, watch television, 
or engage in other sedentary behaviors. This was done in an 
attempt to have an ideal controlled setting. All participants 
received cash compensation for their time regardless of group 
assignment. Participants were not scheduled to come in all at 
the same time, and there was some variation throughout the day 
as to when they were available. Therefore there was little social 
interaction while in the controlled setting unless they arrived 
with a friend who was also part of the study.
Instruments
Profile	 of	 mood	 states: Mood disturbance was measured 
using the brief Profile of Mood States (POMS-30) in which a 
series of mood states are rated according the participant’s mood 
during a particular time frame. Instructions asked the partici-
pants to indicate “how you have been feeling during the past 
week including today.” Individual sub-scales identify mood fac-
tors: Tension/Anxiety, Depression/Dejection, Anger/Hostility, 
Vigor/Activity, Fatigue, and Confusion. Total mood disturbance is 
determined by adding together the sum of all sub-scales except 
Vigor/Activity, which is subtracted. Higher scores indicate an 
enhanced negative mood state. Internal reliability was sup-
ported in this sample with a Cronbach’s alpha of 0.74 [19].
HIV	symptom	distress	scale: The HIV Symptom Distress Scale 
(SDS) is a list of 31 symptoms experienced in HIV disease in 
which participants indicated the frequency of experienced 
symptoms within the past month and rated how much each 
symptom that was experienced bothered them on a 5-point 
scale ranging from 0 (not at all bothersome) to 4 (extremely 
bothersome). Reliability was supported in this sample with a 
Cronbach’s alpha of 0.85 [27].
Perceived	 stress	 scale: Measuring perceived stress was con-
ducted using the Perceived Stress Scale (PSS), a 10-item instru-
ment with a potential score range of 0–40, with a higher score 
indicating a greater perception of stress. The PSS has been shown 
as a valid tool for measuring the degree to which an individual 
finds life events of the last 30 days uncontrollable, unpredictable 
or overloaded. Internal consistency was demonstrated by a 
Cronbach’s alpha of 0.78 [6].
Salivary cortisol: In a sub-sample of participants (n = 20) saliva 
samples were collected at 3 specific time points prior to rand-
omization and again after completion of the assigned interven-
tion. The time points in which each participant were all 
instructed to collect a sample were immediately following awak-
ening (W), 1 h later (W + 1), and 2 h post-awakening (W + 2). Once 
the sample was returned to the CERC that same morning the 
Salivette® tubes were centrifuged at 39 000 kg for 5 min in order 
to extract as much of the saliva that was accumulated as possi-
ble. The total amount of saliva that accumulated at the bottom of 
the Salivette® was collected and immediately measured by vol-
ume and placed in a  − 80 °C freezer until ready for analysis. Fol-
lowing study completion, salivary cortisol was analyzed in 
duplicate, using a colorimetric sandwich ELISA (R&D Systems, 
Minneapolis, MN) with an intra-assay coefficient of variance of 
5.6 %. The area under the curve (AUC) was calculated by applying 
Simpson’s 1/3 rule, using the 3 time points in which saliva was 
collected (awakening,  + 1 h,  + 2 h).
Statistical analysis
Due to a lack of normality within the POMS sub-scales and PSS 
datasets a square root (sqr) transformation was completed on 
those variables prior to data analysis. To assess differences 
within and between groups means following the intervention, 
repeated measures analysis of variance (ANOVA) were used with 
all questionnaire and salivary cortisol data. There were no sig-




The demographic characteristics of the participants of this study 
are detailed in  ●▶ Table 1. The total sample of 49 consisted of 37 
men and 12 women consisting of 31 African-Americans, 16 Cau-
casians, 1 Asian, and 1 other. All participants in this study had 
documented HIV serostatus, with 31 HIV +  asymptomatic (63 %), 
5 HIV +  symptomatic (10 %) and 1 missing data point. The 
remaining 12 participants reported a current disease status of 
AIDS (25 %). 36 participants were receiving combination antiret-
roviral therapy (88 %).
 ●▶ Table 2 presents descriptive statistics of PSS, POMS total scores 
and individual sub-scale scores separated by EX and CON groups, 
as well as self-reported frequency of HIV-related symptoms 
experienced and their associated distress prior to randomiza-
tion. The POMS sub-scales of interest were depression and 
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into frequency of symptoms experienced and their associated 
distress.
Following a 6-week exercise intervention no changes were 
observed among self-reported HIV-related symptom frequency 
or the associated distress ( ●▶ Table 3). The mean scores of both 
treatment groups indicate an average frequency of more than 10 
HIV-related symptoms experienced within the last month 
accompanied by similar levels of reported symptom distress. In 
addition, the burden of frequent symptoms experienced daily 
was shown to enhance the level of psychological distress as 
measured by symptom distress among this sample of HIV-
infected persons.
 ●▶ Table 3 also shows the changes in PSS, POMS total and 2 of the 
POMS subscales (fatigue and depression) following the 6-week 
intervention among both groups comparing pre-test with post-
test scores. Due to a lack of normality within the PSS data, a 
Kruskall-Wallace non-parametric test was used to compare 
changes observed with PSS scores and found no significant dif-
ference within the EX group following the 6-week intervention. 
However, the CON group showed a significant increase in 
reported PSS scores (p = 0.04), suggesting the exercise interven-
tion prevented a similar increase in perceived stress for those in 
the EX group. Participants who completed the exercise interven-
tion exhibited a significant decrease (p = 0.003) in self-reported 
mood disturbance, which dropped from 31.92 ± 6.87 pre-inter-
vention to 6.38 ± 4.51 post-intervention. No change was observed 
among the participants randomized to the CON group. At the 
end of 6 weeks only the participants who completed the moder-
ate intensity exercise intervention showed a significant reduc-
tion in self-reported depression (p = 0.03), but not fatigue 
(p = 0.175).
 ●▶ Fig. 2 shows the differences between pre- to post-intervention 
of salivary cortisol total AUC within both groups. As seen in this 
figure, cortisol measurements upon awakening were 5.5 ng/ml 
for the exercise group and 3.8 ng/ml for the control. At the end of 
6 weeks only the participants who completed the moderate 
intensity exercise intervention showed a significant reduction in 
total AUC of salivary cortisol (p < 0.001).
Discussion
▼
The purpose of this investigation was to determine the effects of 
a 6-week moderate intensity exercise intervention on self-
reported mood states, frequency of self-reported symptoms and 
psychological distress among PLWHA. Compared to sedentary 
controls those who completed 6 weeks of structured aerobic and 




gender male 19 18
female 7 5
ethnicity African-American 16 15
Caucasian 8 8
other 2








no answer 5 3
Table 2 Descriptive statistics for measurements pre-intervention.
Exercise (n = 24) Control (n = 20)
Scale Mean SE Range Mean SE Range
symptom 15.39 2.54 1–40 18.65 3.22 2–48
distress 13.08 2.23 0–34 14.04 2.88 0–55
perceived stress 14.42 1.54 0–32 15.21 1.52 0–27
profile of mood states total 31.92 6.87 (−)13–104 18.74 6.58 (−)24–99
POMS sub-scales
fatigue 7.96 1.21 0–18 6.70 1.18 0–19
depression 14.38 2.48 0–43 9.39 2.03 0–35
cortisol (ng/ml) *  (AUC) 11 322.18 1 813.59 9 053–16 712 7 616.75 1 890.23 3 047–12 164
 * n = 10 EX
n = 10 CON
AUC: Area under the curve
Table 3 Changes in symptom frequency and psychological distress pre and post intervention.
Exercise (n = 24) Control (n = 20)
Scale Mean ± SE (pre) Mean ± SE (post) Mean ± SE (pre) Mean ± SE (post)
symptom 15.39 ± 2.54 14.385 ± 2.41 18.65 ± 3.22 18.74 ± 3.92
distress 13.08 ± 2.23 10.58 ± 2.08 14.04 ± 2.88 12.30 ± 3.03
perceived stress 14.42 ± 1.54 17.61 ± 0.88 15.21 ± 1.52 19.55 ± 1.34 * 
POMS total 31.92 ± 6.87 6.38 ± 4.51 * 18.74 ± 6.58 16.70 ± 5.14
POMS sub-scales
fatigue 7.96 ± 1.11 5.71 ± 1.22 6.7 ± 1.18 7.1 ± 1.58
depression 14.38 ± 2.48 6.21 ± 1.50 * 9.39 ± 2.03 8.2 ± 2.08
 * Indicates significance of p < 0.05
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resistance exercise twice a week significantly improved total 
mood state as measured by the POMS as well as the POMS sub-
scale of depression. It should be noted that this was accom-
plished even without meeting the general physical activity 
guidelines recommending ≥ 150 min of aerobic activity per 
week, and without any changes in disease status, perceived 
stress, symptomatology or symptom distress.
This investigation is the first to study the effects of a prescribed 
combination of aerobic and resistance exercise training on psy-
chological disturbances in a clinical population. To our knowl-
edge only 2 studies utilizing an exercise intervention to measure 
psychological effects among HIV patients have been reported. 
Both studies included aerobic exercise, but not resistance train-
ing, and found significant reductions in anxiety and depression 
[22, 29]. Similar to our investigation, Neidig et al. measured total 
mood disturbance and depression using the POMS [29]. Although 
our findings confirm those of Neidig et al. our population showed 
a greater improvement in total POMS score which dropped to 
standard normative values, suggesting a clinically significant 
finding. In fact, 19 out of 24 participants in the EX group showed 
a reduction in total POMS and depression scores. This difference 
could possibly be attributed to the additional resistance training 
component incorporated into our intervention.
Studies have shown resistance training alone to elicit similar 
improvements in mood state and depression that are often 
observed following aerobic training [1, 7, 37], suggesting that the 
combination of the 2 may result in additional improvements. 
However these investigations included populations not living 
with HIV or other known chronic conditions. Even though our 
findings would support this hypothesis, further investigation is 
warranted to identify mechanisms for this greater improvement 
in mood when combining resistance with aerobic exercise train-
ing in clinical and general populations.
There are a number of potential mechanisms that may be 
responsible for the reduced depression and improvement in 
mood state with exercise training, although there were not any 
changes in symptomatology or disease status. Aerobic and 
resistance exercise both have multiple physiological benefits 
(i. e., increased cardiorespiratory fitness and strength, improve-
ments in body composition, enhanced functional ability, etc.) 
that in turn lead to improvements in psychological health such 
as improved self-esteem and overall quality of life. Our partici-
pants increased cardiorespiratory fitness, improved body com-
position, and increased muscular strength which was previously 
reported in recent publications [10, 15]. Using the same dataset 
we demonstrated positive changes in fitness, muscular strength 
and body composition (i. e., reduced fat mass). It is possible that 
these physiological improvements mediated the changes in 
mood and depression by enhancing self-image and improving 
self-esteem. For a more detailed list of these previous studies 
and their findings please refer to  ●▶ Table 4.
Considering aerobic and resistance training both have very dif-
ferent physiological adaptations it would seem plausible to 
expect added psychological benefits when the 2 are combined 
during routine exercise training. However a major limitation 
with previous investigations among clinical and healthy popula-
tions is that they incorporated only one type of exercise training, 
but not both. There have only been a few investigations that 
compared the differences between aerobic and resistance train-
ing on psychological health by randomly assigning participants 
to either an aerobic or resistance training program. However, 
none included a group that combined the two. These studies 
reported similar psychological improvements between groups 
[1, 9, 38].
In a sub-sample of participants, results show that the individu-
als in the EX group significantly decreased morning salivary cor-
tisol by 49 % when compared to the control group (which showed 
no change). To our knowledge this is the first clinical exercise 
study to report AUC measures of waking cortisol in HIV + per-
sons before and after an exercise intervention. This reduction in 
salivary cortisol may have been mediated by the reduction of 
depressive symptoms. Studies indicate that hyperactivity of the 
hypothalamic-pituitary-adrenal (HPA) axis in depressed indi-
viduals during stressful periods results in elevated circulating 




























Fig. 2 Changes in AUC of salivary cortisol 
measured at 3 time points (awakening, 1 h post-
awakening, 2 h post-awakening).
Table 4 Current and previously published results.
Author Results




31.6 ± 2.1 ml/kg/min to 39.9 ± 1.9 ml/kg/min * 
Dudgeon et 
al. [10, 11]
increased lean tissue mass (Pre to Post)
56.3 ± 1.1 kg to 57.1 ± 1.1 kg * 
decreased fat mass (Pre to Post for those  > 20 % 
body fat)
28.6 ± 1.5 % to 27.7 ± 1.6 % * 
increased strength




decreased total mood state
see  ●▶ Table 3
decreased depression
see  ●▶ Table 3
exercise group decreased total salivary cortisol AUC 
at	wake,	1	h	post	wake,	and	2	h post	wake
11 322.18 ± 1 813.59 ng/ml to 5 547.87 ± 1 427.83 ng/ml * 
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cortisol [1, 32]. Exercise effectively reduces circulating levels of 
cortisol and depressive symptoms in a wide range of popula-
tions [28]. In this sub-sample all but 1 of the participants who 
decreased salivary cortisol upon awakening also decreased their 
total POMS and depression scores.
Dudgeon et al. showed a reduction in salivary cortisol following 
6 weeks of a combination exercise intervention as well. However 
that investigation only reported cortisol measurements obtained 
at one time point (immediately upon awakening) before and 
after the intervention [11], whereas the current study shows 
significant reductions of the total cortisol in the course of 2 h 
suggesting a possible long-term reduction throughout the 
morning hours compared to non-exercisers.
Results of this investigation demonstrate that PLWHA are able to 
obtain beneficial results among self-reported psychological dis-
turbances, primarily total mood state and depression, through a 
combination of aerobic and resistance training in as little as 6 
weeks. The intervention did not, however, elicit any changes in 
self-reported frequency of symptoms, symptom distress, or 
fatigue. Even though there were not any changes in symptoma-
tology or its related distress, PLWHA were still able to improve 
their mood state and reduce depression. This would suggest that 
resistance and/or aerobic training can enhance psychological 
well-being independent of symptomatology. Although perceived 
stress showed no change among participants completing the 
exercise intervention, there was a significant increase in the 
control group suggesting that exercise may prevent increases in 
perceived stress for individuals living with HIV.
It is important to note that this study is not without limitations. 
Many studies involving exercise training in HIV populations face 
the major limitation of small sample sizes, and ours is no excep-
tion. This lack of adequate sample sizes is of great concern and 
makes interpreting the results difficult because of low statistical 
power. Difficulties facing this population include inadequate 
transportation, poverty, housing issues, and opportunistic infec-
tions making participant retention difficult. These factors, 
among other personal reasons, could explain why our study 
showed a high attrition rate. Other limitations include the lack 
of multiple measures for depression making it difficult to com-
pare our results with other clinical trials utilizing different ques-
tionnaires such as the Beck Depression Inventory and the Center 
for Epidemiological Studies-Depression Scale. We chose to use 
the POMS because it has proven to be a useful tool in detecting 
mood fluctuations associated with exercise, normative data has 
been established for specific groups making it practical for clini-




Routine aerobic and resistance training completed at a moderate 
intensity may serve as a viable option to help PLWHA manage 
depressive symptoms, while also providing additional health 
benefits associated with routine physical activity. These modest 
amounts of increased activity can easily be achieved by the indi-
vidual and completed at his or her convenience. However, any 
potential long-term benefits warrant further investigation. The 
physiological and psychological benefits that can be achieved by 
any clinical population, not just HIV patients, following long-
term routine physical activity are currently unknown.
In conclusion, our population still improved overall mood and 
reduced self-reported depression scores despite not having any 
changes in symptomatology or related distress. These findings 
indicate that combination aerobic and resistance training com-
pleted at a moderate intensity at least twice a week provides 
additional psychological benefits independent of disease status 
and related symptoms. This intervention, which was secondary 
to a current ART regimen, should be considered by health care 
practitioners as a viable complement for improving the psycho-
logical well-being of PLWHA currently taking ART.
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